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Introduction
Despi te the well-documented benefits of glycemic control 1,2 and a secular trend to overall improvement in people with diabetes, 3 glycemic control is still suboptimal in many patients. According to the National Health and Nutrition Examination Survey, 43.2% of people with diabetes had hemoglobin A1c (A1C) levels greater than or equal to the generally recommended target of 7.0%. 3 Achieving target glycemic control typically requires a multifactorial approach with considerable commitment from the person with diabetes to examine and interpret random blood glucose readings correctly, take medications as prescribed, follow a balanced, whole foods-based diet, and engage in regular physical activity. For a variety of reasons, many people with diabetes do not adhere to these requirements; [4] [5] [6] [7] [8] failure to do so may be due to inadequate education about the purpose and outcomes of such behaviors and the absence of support and/or reminders.
Researchers have sought to determine whether mobile health (mhealth) on a cell phone can support diabetes management and self-care. 9 Such a solution is attractive because cell phones are ubiquitous, mobile (support can be available anytime and anywhere), and increasingly "smart." The "smart" features of cell phones allow patients to upload or manually type in-home monitoring data, receive provider feedback via a phone call or short message service (SMS), receive reminders and tips, and access information at a Web site through the cell phone's browser. Thus far, some but not all mhealth research suggest that mobile phone-based interventions to support diabetes care result in favorable clinical outcomes, particularly if the intervention involves two-way communication with data inputs from the patients and individualized feedback from a health care provider. [9] [10] [11] [12] [13] [14] [15] In the present study, people with diabetes received daily, asynchronous one-way videos of diabetes-related tips and reminders delivered via cell phones. The intervention was an adjunct to usual and specialty diabetes care, aimed at providing generalized lifestyle support to people who were not meeting glycemic targets despite receiving specialty diabetes care. The primary study hypothesis was that those subjects who received daily video messages on their mobile phones about diabetes self-care over 6 months would improve their glycemic control at 6 months and that it would continue over the ensuing 6 months. In addition, we hypothesized that the intervention would be associated with greater adherence to SMBG and better glycemic metrics derived from selfmonitoring data.
Methods

Design Overview
The study was a 1-year prospective randomized trial, with active intervention during the first 6 months.
Participants and Recruitment
Patients with poorly controlled type 1 or type 2 diabetes (i.e., A1C >8.0%) were recruited from the outpatient clinics of the Diabetes Institute in the Walter Reed Health Care System, Washington, DC. The Walter Reed Health Care System treats active duty military, retirees from the military, and their dependents. All diabetes supplies, including meters and strips, are provided to patients without charge.
To be eligible for the study, patients had to be at least 18 years of age, had to have received care from a nurse practitioner (NP) of the Diabetes Institute for at least 6 months and still be poorly controlled (A1C >8%), and had to be taking oral hypoglycemic medications and/or insulin. All patients were able to demonstrate their ability to use a mobile phone and were provided with a mobile phone and subscription for 6 months. Patients who were pregnant, lactating, planning to become pregnant, without reliable contraception, or using glucocorticoids, amphetamines, anabolic, or weight-reducing agents were excluded.
Recruitment took place from November 2007 to February 2009 (Figure 1) . Study staff examined the appointment schedules of the Diabetes Institute's NPs for upcoming appointments and determined the eligibility of these scheduled patients by looking in the electronic medical record. Study staff then contacted all eligible patients by phone or in person to describe the study. The study was approved by the Human Use Committee/ Institutional Review Board at the Walter Reed Army Medical Center. All eligible and interested patients provided written, informed consent.
The study enrolled 65 participants. The achieved power for this study is 0.93 given a medium effect of 0.25, an alpha of 0.05, a correlation of 0.40 between repeated factors, and a correction for nonsphericity in which epsilon is 0.40. Bell www.journalofdst.org J Diabetes Sci Technol Vol 6, Issue 2, March 2012
One participant had a baseline A1C that was greater than 15%, an outlying value, so the analyses exclude those data (n = 64).
Intervention
Following enrollment, participants were randomized to receive usual care (defined as the care that would be provided if the patient was not in the study) or video messages daily from their own NP. The study used block randomization, which assumed the ratio of active intervention to control was balanced.
Six NPs created 540 30-to 60-second videos covering self-care topics outlined by the American Association of Diabetes Educators, 7 -e.g., healthy eating, being active, monitoring. 16 Samples of the scripts for the videos are in the online Appendix ( Table 1) , and sample videos are available at: http://www.wramc.army.mil/Patients/healthcare/ medicine/diabetes/Pages/default.aspx. Video messages of the NPs were sent to their patients in random order, at the time of day determined by the participants after randomization. Each video could be viewed multiple times throughout the 24-hour period before the next video was sent. All enrolled participants received a broadband-enabled cell phone and service for 6 months, paid for by the study.
Measures
Participants were seen by the study staff at baseline and quarterly thereafter for the collection of study metrics. The primary research outcome was glycemic control as measured by A1C. The A1C was measured using a COBAS ® C 111 analyzer (Roche Diagnostics, Indianapolis, IN) with a Tina-quant ® HbA1c Gen. 2 whole blood assay (Roche Diagnostics) in the Walter Reed Clinical Laboratory. The secondary research outcomes were change in weight, change in blood pressure (BP), whether the participants provided SMBG measurement data (as a proxy for whether they collected it), the proportion of SMBG measurements that were above 180 mg/dl and below 70 mg/dl, and the mean of participants' SMBG values at each quarterly visit.
We counted the number of videos each participant viewed per month and then grouped participants as follows: (1) did not view videos at all or did so briefly at the beginning of their participation and then stopped in the first 2 months (early cessation; n = 11); (2) viewed the videos throughout the active intervention but <10/month, sometimes missing whole weeks (intermittent viewers; n = 10); and (3) viewed 10+ videos/month (persistent viewers; n = 10).
We obtained age, gender, race/ethnicity, duration of diabetes, type of diabetes, and medications used to manage diabetes at baseline from the medical record.
Statistical Analysis
The analyses examined group differences in background characteristics and changes from baseline of the outcome measures using t-tests and chi-square tests. Next, the analyses estimated multilevel (i.e., mixed or individual growth) models for repeated measures to characterize within-and inter-individual change in actual A1C values. These models included potentially confounding background characteristics defined as such by clinical experience (e.g., type of diabetes) or demographics (e.g., gender, age) and quadratic effects for time, which permitted analyses of the anticipated leveling of change in A1C after cessation of the intervention. The analyses then used chi-square tests or Fisher's exact test to examine group differences in the provision of SMBG data and analysis of variance to test for within-and between-group differences in the SMBG metrics. All statistical analyses used SAS ® 9.2 (SAS Institute Inc., Cary, NC).
Results
Characteristics of the study population are shown in Table 1 . Mean age of the participants was 55 (video messages group) and 60 years (usual care group). Overall, most participants attended at least some college, were African American, had type 2 diabetes, and were obese. Mean years since diabetes diagnosis and medication usage were similar between the two groups.
Both groups experienced declines in A1C (Figure 2A) . For the video messages group, mean [standard deviation (SD)] decline in A1C from baseline was 1.2% (1.8%), 1.1% (2.3%), 1.2% (2.2%), and 1.3% (1.8%) at 3, 6, 9, and 12 months, respectively. For the usual care group, it was 0.4% (1.2%), 1.1% (1.6%), 1.1% (1.7%), and 0.9% (1.6%) at 3, 6, 9, and 12 months. Post hoc analyses of covariance indicated that the change in A1C from baseline to 3 months, with the baseline A1C included, was significantly different (p = .02) between the two groups.
The rates of change in A1C over 12 months were significantly different from zero for both treatment groups after controlling for A1C level at the time of enrollment, age, gender, and type of diabetes [(a) p < .002 for time × usual care and p = .01 for time × time × usual care; and (b) p = .002 for time × video messages and p = .004 for time × time × video messages]. The 12-month, adjusted rate of change was greater at all time points for the video messages group, but the group differences were modest-approximately 0.1-0.2% per time point, with a cumulative decline in A1C at 12 months of 1.2% for the video message group and 1.0% for the usual care group. Age was also significant; i.e., older age was related to decreasing A1C. Gender and type of diabetes were not significant.
Analysis of A1C by viewership found that the consistent viewers experienced the greatest improvement ( Figure 2B) . Mean (SD) A1C reduction between baseline and 6 monthsthe period of time in which decline was greatest-was 0.8% (2.2%) for the subjects in the early cessation group, 0.6% (1.4%) for the intermittent viewers, and 1.9% (3.1%) for the persistent viewers. As of 12 months, mean (SD) A1C decline from baseline for the subjects in the early cessation group was 1.1% (1.9%), 1.3% (1.3%) for the intermittent viewers, and 1.7% (2.4%) for the persistent viewers. The changes suggested by the means were supported by the adjusted models. Specifically, for the early cessation group and the persistent viewers, the 12-month rate of change in A1C and the quadratic effect of time were statistically significant [(a) p < .001 (9) 13 (9) .64
Systolic BP (mean, SD) 136 (19) 132 (21) 139 (17) .16
Diastolic BP 78 (11) 77 (10) 80 (12) .20
Body mass index (mean, SD) 34 (7) 33 (6) A1C at baseline (mean, SD) 9.3 (1.3) 9.6 (1.5) 9.0 (0.9) .07 a One subject was excluded from analyses because s/he had an outlying A1C value at baseline. Not all columns total 64 because of missing data resulting from nonresponse. Subjects were often taking multiple medications, so the sum of the percentages exceeds 100. P values are for the statistical comparisons of the two treatment groups. These comparisons required chi-square tests and t-tests, depending on the level of measurement. for time × cessation group and p = .004 for time × time × cessation group; and (b) p < .001 for time × persistent group and p < .001 for time × time × persistent group]. The cumulative, adjusted decline in A1C over 12 months was 0.6% greater for the persistent viewership group than for the early cessation group, which is a clinically meaningful difference.
From the multilevel models for Figure 2A , the equations for the two treatments are as follows: From the multilevel models for Figure 2B , the equations for the viewership groups are as follows: The study groups did not differ in terms of whether they provided SMBG data or glycemia metrics-the amount of hyperglycemia (>180 mg/dl or >240 mg/dl) identified by those data. The data are available in the online Appendix ( Table 2) . Hypoglycemia (<70 mg/dl) was slightly more frequent for the video messages group (p = .05 for both time ranges). Further analyses of hypoglycemia indicate that the highest frequency of hypoglycemic readings was observed for the subjects in the group that did not view the videos (early cessation group). There were no significant within-group changes in SMBG metrics over the first 6 months or the subsequent 6 months.
Weight and BP did not change during the study period (data not shown).
Discussion
This study sought to determine whether mobile phonebased, one-way video messages about diabetes self-care improve A1C and SMBG. The study enrolled people with diabetes who, despite having received specialty diabetes care for at least 6 months and being on medications, were not meeting the A1C goals promulgated by all professional associations. The overall purpose of the video messages was to augment primary and specialty diabetes care. We found that participants in the video messages group experienced a greater rate of decline in A1C over time than those who received usual care, especially in the first 3 months. However, the rate of decline was greatest among people who received the videos and viewed them consistently; this difference was statistically significant and clinically meaningful (i.e., 1.1% difference in unadjusted means and 0.6% cumulative, adjusted difference between those who received messages and did not watch them at all or stopped in the first 2 months of the study). Participants' improvement continued in the 6 months following cessation of the intervention despite no longer having access to the videos, suggesting a legacy effect.
A limitation of this study is that the average A1C for the video messages group was higher at baseline than that of the usual care group (p = .07), and it is well known that people with higher A1Cs are more likely to experience larger improvements in A1C than people with A1Cs closer to generally recognized targets. The analyses accommodated this difference through the use of multilevel models. These models allowed us to examine all data over time to get an overall sense of group differences in rates of change, not just mean changes from baseline at each individual time point. Additionally, they included treatment group as a fixed effect and generated a result for this effect, which represented the mean difference of the outcome between the two groups at baseline; in other words, the model adjusted for possible baseline differences in the outcome between the groups. Lastly, the models specified covariance structures for repeated measurements of the participants over time; the best covariance structure in this case was autoregressive order 1, which recognized that temporally proximate observations/values have higher correlations than distant observations/values.
We designed the study to investigate the effect of a mobile intervention that would augment usual and specialty diabetes care, because mhealth has been shown to be successful in chronic disease management, including asthma, cystic fibrosis, smoking cessation, and others. 9 Application of mhealth in diabetes care has varied in focus: one study compared cell phonebased support to internet-based support and found both modes were related to improvement in glycemic control; 17 one examined email reminders for blood glucose readings versus SMS and found participants responded more to SMS; 18 another qualitative study found that study participants adjusted their medication, food habits, and/or physical activity while using a new cell phone system for diabetes self-care. 19 Results from randomized trials comparing a cell phone intervention with usual care are mixed, with some showing no group differences in glycemic control based on intention-to-treat analyses 10 and some showing marked improvements in glycemic control, 12, 13 especially when study participants received individualized support. 14, 15 Our findings for A1C were consistent with previous examinations of mobile phones for diabetes management documenting a decline in A1C, but the decline we report here is not as great. An important difference between our intervention and others is that A1C improved with one-way support, meaning there was no additional input from the health care providers as part of the intervention after the creation of the videos, and all the participants received the same videos irrespective of their particular interests or needs. As noted above, other mobile phone-based diabetes interventions that also achieved improvement in A1C had included individualized support from health care providers. Although these two-way interventions led to a greater drop in A1C than we found, the continual input needed from health care providers as part of the interventions is more costly and difficult to implement widely than our approach, especially if patients use their own phones and service. A more individualized strategy in using our approach, but one that does not require continual response from health care providers, would be to send only those videos to patients that address their specific needs or interests. This can be accomplished through querying the patients and further software development. Due to our study design, it cannot be determined whether the effectiveness of the video messages is, in part, related to the familiarity that the patients had with the NP in the video. Further studies may be able to determine whether or not a generic provider would be equally effective.
Our SMBG findings differed from other studies where mobile phone-based interventions improved self-care behavior, such as SMBG. [18] [19] [20] [21] The reason for this might be due to limitations in study design; we did not have SMBG data for the months preceding enrollment, thereby restricting our ability to examine change, and the study design did not require the participants to monitor their blood glucose and record the values on the same days at the same time. Such a prospective and/or systematic design might have resulted in a better understanding of whether the videos increased the frequency of SMBG, how often hypo-and hyperglycemia occurred, as well as the daily glucose pattern.
None of the participants allocated to the video messages group watched the videos daily, i.e., per protocol, yet many experienced improvement in A1C. This suggests that intermittent reinforcement may be a more practical yet equally effective strategy. The rationale for intermittent reinforcement is that frequent-but not daily-contact might be most effective for providing diabetes self-care support, because it is more likely to grab the recipient's attention and keep them engaged for a longer period of time. Further research may show that patients will benefit as much (or more) from less frequent messages.
One of the strengths of our study is that the results would appear to be applicable to most patients with diabetes, because the demographics, clinical characteristics, and medication usage is typical of those patients treated in most outpatient settings.
Conclusions
A one-way intervention using mobile phone-based video messages about diabetes self-care can modestly improve A1C. Engagement with the technology is an important predictor of its success. This intervention is simple to implement and sustain.
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This project was made possible by grants from the Telemedicine and Including more soluble fiber with your meals and snacks will help control your blood glucose and cholesterol levels better. Examples of foods with soluble fiber are grains, such as oat and barley, dried beans and peas, and vegetables and fruits.
2
According to the American Diabetes Association, a healthy diet has multiple servings of fruits and vegetables, whole grains, low-fat dairy foods, fish, lean meats, poultry, and healthy fats.
3
Cholesterol is found only in animal products. There is no cholesterol in plant foods. You can reduce your intake of cholesterol by making up your meals using mainly plant sources and including only low-fat, low-cholesterol meats, meat products, and dairy.
4
Here is a tip on portion sizes. One ounce of meat looks like a small matchbox, and 3 ounces of meat looks like a deck of cards. A medium potato is about the size of a computer mouse. One cup of cooked rice is about the size of an adult's fist. One ounce of cheese or a tablespoon of salad dressing is about the size of an adult's thumb.
5
The average American gains about 2 pounds of weight every year. This average weight gain can be the result of eating an extra 19 calories a day. Nineteen calories per day!
Being active 1
Regular exercise will help with control blood sugar levels, reduce risk of heart disease and stroke, control weight, and boost energy levels. Just 30 minutes a day or two 15-minute sessions can make a big difference in your well-being.
2 Regular exercise will improve your blood sugar levels by helping your body's own insulin to move the sugar out of your blood and into your cells. The end result is lower blood sugar levels.
Be sure to talk to your health care provider about what type of exercise is best for you. In general, aerobic exercises are the best because they involve using your large muscles nonstop for at least 15 minutes. Examples of aerobic exercises are brisk walking, bicycling, swimming, rowing, and jogging.
4
Regular exercise will help you to lose weight or maintain your healthy weight by burning extra calories much faster. With every 5 pounds of body fat that you lose, your blood sugar levels will improve significantly.
5
If you were to burn an extra 100 calories a day by increasing your physical activity, you could lose up to 10 pounds a year. Here are a few tips for increasing your physical activity: get off the subway or bus one stop earlier and walk the extra distance; go for a 15-minute walk on your lunch break; take your kids out for a bike ride after dinner; and set your alarm for 15 minutes earlier and go out for a walk.
Medications 1
Take the time to make a list of your medications, including those for your diabetes and other medications as well. For each pill, write the name, dose, when and how often you are supposed to take it, and the reason for each medication. Show the list to your pharmacist and talk with him/her about the side effects of your medications and whether or not they can be taken together. Remember to always carry the list with you, especially when you go to any of your healthcare appointments.
2 Some diabetes oral medications can cause your blood sugar to go low. Talk with your health care provider or pharmacist about which-if any-of your medications can have this effect, and be sure to check your blood sugar before taking them.
3
When you go to your appointments with your health care providers, bring all of the medicines you are taking. This will help him/her determine more accurately the date of prescription, dose, prescriber, pharmacy used, and other details that can help you.
4
If you have problems using your hands and your health care provider has prescribed insulin for you, ask your provider about injection aids, such as an insulin pen device.
5
People with diabetes have a 2-to 4-fold increased risk for cardiovascular disease. Thus, your health care provider has or will prioritize treating any risk factors for cardiovascular disease that you might have. This often means prescribing medications for treating your cholesterol levels and blood pressure. So don't be surprised if your health care provider prescribes multiple medications-some for your blood sugar and some for your cardiovascular risk factors.
Monitoring and reducing risks 1
In general, target blood sugar levels are 80-120 when you wake up in the morning, 80-120 before meals, 80-140 2 hours after meals, and 100-140 at bedtime. Those are good targets to aim for. However, depending on your individual situation, you and your provider may have set different goals, and you need to continue using those goals. Here are a few better-sleep tips: keep a regular bedtime and wake-up time-even on weekends; relax with a before-bed routine, such as reading, listening to soothing music, or taking a warm bath; and invest in a comfortable mattress.
Continued
2
You don't have to be perfect to manage your diabetes successfully, however, you will need to make the best effort to understand how to take good care of yourself. In order to learn how to manage your diabetes and what your goals are, be prepared to make several visits to see your health care provider. Also be sure to register for and attend the diabetes classes if you haven't already done so.
3 Did you know that your success at managing your diabetes will depend on: (1) How knowledgeable you are about management of diabetes. (2) Whether you believe that you will be successful at managing your diabetes.
(3) Whether you have made a conscious decision to take control of your diabetes.
4
Living with diabetes can cause a lot of uncomfortable and changing emotions, including denial, anger, anxiety, and fear. If these or other feelings are making it difficult for you to take care of yourself and enjoy your life, consider talking to someone you love or trust who understands diabetes or just understands you. Sharing your emotions can help you to manage them.
5
Depression makes it harder to initiate and stick to health behaviors for your diabetes self-care. Depression is also at least twice as common among people with diabetes. This application provides a module to help you track your mood. However, if you have often felt depressed, down, or hopeless in the past month, perhaps you should talk to your provider. Depression is a health problem for which there are many effective treatments. (13) a Group differences for 0-6 months data were statistically significant (p = .05). No other comparisons found significant differences, so the notation is not shown.
